 Silica (SiO 2 ) coatings were prepared on the surface of carbonyl iron powder (CIP) by using tetraethyl orthosilicate (TEOS) as a SiO 2 source and 3-aminopropyl triethoxysilane (APTES) as a surface modifier. The compositions of samples were analyzed by X-ray diffraction (XRD) and Energy Dispersive Spectrometer (EDS). The morphologies of powder samples were analyzed by scanning electron microscope (SEM). The electromagnetic property of hollow column samples (mixed with paraffin as a binder) was measured by vector network analyzer. The result shows that the surface of the CIP was coated by cotton-shaped SiO 2 , the microwave absorption property of materials declined by increase of the additive amount of APTES and TEOS. Some coated samples show better microwave absorption properties than uncoated CIP.
INTRODUCTION
With the development of the society, radio technology has been widely used, Electronic equipment has been an integral part of our lives, However, the electromagnetic radiation produced by it also brings serious harm to us, So it is very necessary to study the wave absorbing material with excellent performance. The usage of EM wave absorbers on the devices, on one hand can avoid the interference of extraneous EM wave, and prevent harmful EM waves entering the environment on the other hand [1] [2] [3] [4] [5] [6] . As a category of EM wave absorbers, CIP has excellent absorption properties in X wave band of radar waves. But the narrowness of bandwidth and the shortage of oxidation resistance has limited the application of CIP. Therefore researchers have an increasing interest on the study of modification of CIP [7] [8] [9] [10] . S. Kimuran etc. synthesized CIP-ferrite/PMMA coating composites, and studied its properties [11] . Chunlei Yin etc. studied the synthesis and properties of hollow CIP [12] . Wuqiang Zhang etc. synthesized CIP/MnO 2 and studied its properties [13] . There have been studies on the acid resistance of CIP/SiO 2 coating composites [14] . But there are not enough studies in the influence of SiO 2 coating layer on absorption properties.
In this study, APTES was used as surface modifier, it can form a monomolecular layer on the surface of CIP, and the SiO 2 was produced by hydrolysis of TEOS. Finally, it will form a SiO 2 layer on the surface of CIP. We studied the influence of additive amount of TEOS and APTES on the absorption property of coated powder [15] [16] .
EXPERIMENT CIP (diameter 7μm) was treated in hydrochloric acid solution(0.02M, AR) ultrasound for 5min, and washed by de-ionized water for 3 times, then de-ionized water was added. TEOS and APTES were dissolved in a certain amount of ethanol (the additive amount of TEOS and APTES is added in table1, TEOS is AR, purity of APTES >98%). The above solution was added into the ethanol solution (1:4 in Volume). The mixed solution was set in a constant temperature water bath (40℃) and stirred by electric mixer (500r/min) for 3h. After drying, grinding and washing, powder samples were obtained.
Powder samples were mixed with melted paraffin(3:2 in Volume), and poured into the mold which had a 3.02mm inside diameter and a 7.00mm outside diameter. The sample was made in the shape of hollow column. The height was between 4-6mm.
The compositions of samples were analyzed by D8 X-ray diffraction and EDS. The morphologies of samples were analyzed by JSM-6700F Field emission scanning electron microscopy. The electromagnetic parameters of hollow column samples were measured by Agilent/HP-8720ET Vector Network Analyzer. Fig.1 shows the XRD of coated powder. The three main peaks correspond to (110)(200)(211) crystal planes of α-Fe, which is typical body-centered cubic structure. Comparing with pure CIP, the XRD of coated powder has obvious diffuse scattering; this is caused by amorphous SiO 2 . We analyzed the element compositions of coated samples by EDS, The result is shown in fig.2 . The peak close to 0ev is caused by experiment system. In addition to this peak, three peaks were detected. They are the peaks of O Si Fe, respectively. Considering the depth that an electron stream can reach, the ratio of element only showed the element distribution of surface of the sample. It means the composition of the coating layer of samples is SiO 2 .
RESULTS AND DISCUSSION
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The weight increase data are listed in table 2. SEM photographs of coated and uncoated samples are shown in Fig.3 . From these photograph we can see that uncoated CIP had a relatively smooth surface. And coated samples had an apparent flocculent-shaped SiO 2 coating layer. The sample #2-1 is relatively less than other samples, the coating layer had covered the whole surface of the powder, and have an island-shaped distribution, which means the distribution of SiO 2 was not uniform. More TEOS and APTES was used in sample #1-2 and #1-3, the coating layers of these sample are more uniform than the sample #2-1. 4 shows the complex permittivity (ε r =ε'-jε'') and complex permeability (μ r =μ'-jμ'') of CIP, sample #1-3 and sample #2-1 varied with frequency. In the range of 1-15GHz, the ε' of #2-1 is higher than CIP, this phenomenon can be explained by Maxwell-Wagner mechanism. Because of the accumulation of charges which can be considered as an equivalent capacitor, the permittivity will increase when material on two sides of an interface have different permittivity and conductivity. By the comparison between different samples, we can found the permittivity and permeability are decreased when the additive amount of samples increased, this is because SiO 2 is not excellent dielectric and magnetic properties. The influence of SiO 2 will turn to be disadvantage when the ratio of silica is too large. respectively [17] . Fig.5 shows that the tangent of dielectric and magnetic loss varied with frequency. In addition to the CIP, in the range of 15-16 GHz, the tangent of dielectric and magnetic loss had a sudden change. The main reflection loss turned to magnetic loss from dielectric loss on the changing point.
The comparison between different samples shows that the sample (#2-1) with less additive amount had a higher dielectric loss than the sample with more additive amount in the range before the sudden change. 
where Z, d, λ are the normalized input impedance, thickness of absorbing materials, wavelength, respectively [18] .
From Fig.6 , we can see that sample #2-1 has the highest RL absolute value than other coated samples. In fig.7 , #2-1 had higher RL absolute value than CIP in the range of 12-18GHz, when the values of d was 2.5mm, The peak value of RL surface of #2-1 was -11.1dB, and the value of CIP on same position was -9.0dB. 
CONCLUSIONS
A chemical method was used to prepare SiO 2 coated with CIP. The CIP is covered with cotton-shaped coatings. The coated sample showed better microwave absorption properties than CIP in the range of 12-18GHz when the thickness of absorbing materials is between 2.5mm.
